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(54) Synthetic resin-made intake manifold and manufacturing method thereof 


(57) A synthetic resin-made intake manifold includ- 
ing a volumetric air-intake section communicating with 
an intake air supply source through an inlet pipe and a 
plurality of outlet pipes for connecting the volumetric air- 
intake section to cylinders of an internal combustion 
engine is fabricated by injection molding, by applying 
the die rotary injection method or die slide injection 
method, the volumetric air-intake section and the outlet 
pipes respectively, thereafter, assembling them together 
and joining into unity, so that a synthetic resin-made 
intake manifold adapted for efficient production and flex- 
ible designing or including outlet pipes of a complex 
shape is obtained. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a synthetic 
resin-made intake manifold and a manufacturing 
method thereof, wherein the intake manifold includes a 
volumetric air-intake section communicating with a 
intake air supply source through an inlet pipe, and a plu- 
rality of outlet pipes for connecting the volumetric air- 
intake section to cylinders of an internal combustion 
engine, at least the volumetric air-intake section and 
each of the outlet pipes being made of a synthetic resin. 
[0002] As is widely known, an intake manifold is con- 
nected to a cylinder head of an internal combustion 
engine for feeding intake air into combustion chambers 
of individual cylinders. As such intake manifold, there is 
known one that includes a volumetric air-intake section 
(so-called surge tank) communicating with an intake air 
supply source through an inlet pipe and a plurality 
(equal to the number of cylinders) of outlet pipes for 
connecting the surge tank to each cylinder of the 
engine. Since such intake manifold is a considerably 
large-size component of an air-intake system, so for 
purpose of reducing the weight of the peripheral 
arrangement of the engine more than ever, it has been 
contemplated that the intake manifold may be formed of 
synthetic resin instead of conventionally used light alloy 
(e.g., aluminum alloy and the like). 
[0003] Since the intake manifold is an air-intake sys- 
tem component which involves lower temperature con- 
ditions than air-exhaust system components, it is wed 
possible to use synthetic resin (in particular, a synthetic 
resin of the type which is reinforced with fibers or the 
like) as the material. 

[0004] In the prior art, when fabricating such an intake 
manifold from synthetic resin, conceivably, one method 
which would be commonly considered may be such that 
a pair of synthetic resin-made separate halves integrally 
formed of a half for a surge tank and a half for outlet 
pipes, previously formed from synthetic resin are 
brought into abutment against each other, being then 
joined together by applying an adhesive to their abutting 
surfaces or by melting thermally or by applying vibration 
on the abutted portion, whereby the separate halves are 
joined together into a finished component (intake mani- 
fold). 

[0005] In manufacturing intake manifolds for mass- 
production automotive engines, a need exists for a man- 
ufacturing method which can assure higher production 
efficiency. However, in the above mentioned prior art, 
since forming operation for respective halves takes a lot 
of time, it is generally difficult to achieve further 
enhancement of productivity. 

[0006] Another problem is that since each separate 
half is integrally formed of a half for a surge tank and a 
half for outlet pipes, even where the surge tank only or 
the outlet pipes only is to be design changed, the inte- 
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gration makes it necessary to reconstruct the molding 
die in its entirety, which is a large limiting factor against 
the task of enhancing the flexibility of designing. There- 
fore, for common use of a particular component, for 

5 example, surge tank, with the outlet pipe only changed, 
thereby to promote common utilization of the compo- 
nent with other types of vehicles, considerable expendi- 
ture is required with respect to the molding die. 
[0007] In the recent trend toward saving space of the 

w engine room, with respect to the intake manifold and the 
mounting arrangement therefor, it is required to make 
them more compact in size, with setting the length of the 
outlet pipe be a length not lower than a specified length, 
or the length of each outlet pipe be as much equalized 

is length as possible, for obtaining satisfactory air-intake 
characteristic. To this end, it is required that good con- 
trivance be used with respect to the outlet pipe such that 
the outlet pipe is made more complex in configuration, 
including not only a simple bending from a compara- 

20 tively linear straight pipe at a specified curvature, but 
also a three dimensional bending consists of aforesaid 
simple bending with twisting applied thereto. Further, 
along with the size reduction of the surge tank, it is 
required that joint portions between a plurality of outlet 

25 pipes and the surge tank be intensively gathered in as 
much narrower space as possible, and in view of this 
fact it is inevitable that the bending configuration of the 
outlet pipe becomes to a complex one. 
[0008] However, in above mentioned conventional 

30 method, wherein a pair of separate halves integrally 
formed of a half for a surge tank and a half for outlet 
pipes, are brought into abutment against each other and 
jointed together, it is virtually very difficult to meet the 
size reduction requirement when the outlet pipe is of 

35 such a complex shape as above mentioned. Even if the 
method could be applied, there is a problem that it is dif- 
ficult to maintain atably high production efficiency and 
quality. 

[0009] As a method for molding a synthetic resin- 

40 made hollow item, it is known to bring synthetic resin- 
made halves into abutment against each other and fill a 
melted resin mass into an internal passage formed 
along a peripheral edge of the abutted portion or a pas- 
sage formed between the abutted portion and molding 

45 die wall, to thereby join the halves together to obtain a 
hollow molded product. Also, there is known a method 
in which filling molten synthetic resin into the passage is 
carried out, within a molding die in which separate 
halves are molded when they are joined together in 

so such a way as aforesaid. 

[0010] By employing such a method it is possible to 
ensure more stably high strength of bond between the 
so jointed halves and good sealing performance of the 
abutted portion as compared with the prior art practice 

55 in which such joining is carried out by adhesion or ther- 
mal melting. 

[0011] For example, in Japanese Patent Publication 
No. 2-38377 there is disclosed a molding die construc- 


BNSDOCID: <EP 09841 55A2J_ 


3 


EPO 984 155 A2 


tion including one pair of metal dies which is basically 
such that one of the metal dies has a male molding por- 
tion and a female molding portion for molding one set of 
separate halves, whereas the other metal die has a 
female molding portion and a male molding portion pro- 
vided in opposed relation to the molding portions of the 
one metal die. In this conjunction, a method using such 
a pair of molding die (so-called die slide injection (DSI) 
method) is also disclosed such that after separate 
halves are simultaneously molded (injection molded), 
one of the metal die is caused to slide relative to the 
other metal die so that separate halves remaining in 
respective female molding portions are brought into 
abutment with each other, with melted resin being 
injected onto the peripheral edge of the abutted portion 
to join the two halves together. 

[001 2] According to this DSI method, productivity can 
be considerably enhanced as compared with conven- 
tional method in which molding of separate halves and 
abutting / jointing of the halves are carried out at sepa- 
rate stages. 

[0013] For further improvement of production effi- 
ciency, in Japanese Patent Publication No. 7-4830, for 
example, there is disclosed a rotary injection molding 
die construction including a combination of molding dies 
which is basically such that the molding dies are 
adapted to be opened and closed in relation to each 
other in such a way that one of the molding dies is rotat- 
able over a predetermined angle relative to the other, 
each molding die having a molding portion to constitute 
a rotary injection molding die construction, each die 
consisting of at least one male molding portion and two 
female molding portions arranged in a repetitive 
sequence of male/female/female in the direction of rota- 
tion for each rotational run over the predetermined 
angle. In this conjunction, there is also disclosed a 
rotary injection molding method (so-called die rotary 
injection (DRI) method) wherein by using such a mold- 
ing die assembly, it is possible to carry out molding of 
separate halves and joining of a pair of abutted halves 
during each rotational movement (for example, for- 
ward/reverse movement), thereby to obtain a finished 
product for each rotational movement. 
[0014] Thus, by using the DRI method or DSI method 
it is possible to obtain high productivity and good quality 
in a stable condition; however, where separate halves 
are integrally formed of a half for a surge tank and a half 
for outlet pipes in applying such a method, as in the 
case of the prior art, the molding die is of a very large in 
size, and this causes a problem of lack of practical use- 
fulness. 

SUMMARY OF THE INVENTION 

[0015] The present invention has been developed in 
view of above mentioned problems and, therefore, it is a 
primary object of the invention to provide a synthetic 
resin-made intake manifold adapted for efficient produc- 


tion and flexible designing or including outlet pipes hav- 
ing a complex shape, by applying the DRI method or 
DSI method, and to provide a manufacturing method of 
the aforesaid synthetic resin-made intake manifold. 

5 [0016] Therefore, according to a first aspect of the 
present invention, there is provided a method for manu- 
facturing a synthetic resin-made intake manifold includ- 
ing a volumetric air-intake section communicating with 
an intake air supply source through an inlet pipe, and a 

10 plurality of outlet pipes connected at one end to cylin- 
ders of an internal combustion engine through a mount- 
ing member and at the other end to the volumetric air- 
intake section, the volumetric air-intake section and the 
outlet pipes being formed of a synthetic resin, wherein 

75 the volumetric air-intake section and the outlet pipes are 
respectively injection molded by the die rotary injection 
method or die slide injection method and are then 
assembled together and jointed into unity. 
[001 7] In the synthetic resin intake manifold manufac- 

20 turing method of the first aspect of the present inven- 
tion, the volumetric air-intake section and the outlet 
pipes are separately injection molded by a so-called die 
rotary injection (DRI) method or die slide injection (DSI) 
method, and then the former and the latter are assem- 

25 bled and joined together into unity. Therefore, the DRI 
method or DSI method can be comparatively easily 
employed in manufacturing the volumetric air-intake 
section and individual outlet pipes which are to be made 
of synthetic resin without involving any difficulty (that is, 

30 without involving any impractical size increase with 
respect to the molding die). This makes it possible to 
steadily obtain higher productivity and higher quality as 
compared with the prior art. 

[0018] Further, since the volumetric air-intake section 
35 and outlet pipes are separately molded, where only vol- 
umetric air-intake section or outlet pipes are to be 
changed in design, it is only necessary to change sepa- 
rate molding dies, and this provides for design flexibility 
with respect to intake manifold. Therefore, for common 
40 use of a particular component, for example, volumetric 
air-intake section, with outlet pipes only changed, 
thereby to promote common utilization of the compo- 
nent with other types of vehicles, it can be compara- 
tively easily achieved with a smaller cost of molding die. 
45 Furthermore, the present invention is adapted for ready 
application even where outlet pipes are bent pipes of a 
complex shape. 

[0019] Also, according to a second aspect of the 
invention based on the first aspect of the invention, the 

so mounting member is integrally formed with the volumet- 
ric air-intake section during the process of injection 
molding of the volumetric air-intake section. 
[0020] In the synthetic resin-made intake manifold 
manufacturing method of the second aspect of the 

55 invention, basically it is possible to achieve the same 
effect as obtained in the first aspect of the invention. In 
particular, since a mounting member for connecting one 
end of each outlet pipe is integrally molded with the vol- 
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umetric air-intake section during the process of injection 
molding of the volumetric air-intake section, the number 
of components can be reduced and productivity can be 
further improved. 

[0021] Further, according to a third aspect of the 5 
invention, there is provided a synthetic resin-made 
intake manifold including a volumetric air-intake section 
communicating with an intake air supply source through 
an intet pipe, and a plurality of outlet pipes connected at 
one end to cylinders of an internal combustion engine 10 
through a mounting member and at the other end to the 
volumetric air-intake section, the volumetric air-intake 
section and the outlet pipes being formed of a synthetic 
resin, the manifold, wherein the volumetric air-intake 
section and the outlet pipes are respectively injection 15 
molded by the die rotary injection method or die slide 
injection method and are then assembled together and 
jointed into unity. 

[0022] In the synthetic resin-made intake manifold of 
the third aspect of the invention, since the volumetric 20 
air-intake section and the outlet pipes which are injec- 
tion molded by a so-called die rotary injection 
(DRI)method or a die slide injection (DSI) method are 
assembled and joined together into unity, the DRI 
method or DSI method can be comparatively easily 25 
employed in manufacturing the volumetric air-intake 
section and individual outlet pipes which are to be made 
of synthetic resin without involving any difficulty (that is, 
without involving any impractical size increase with 
respect to the molding die). This makes it possible to 30 
steadily obtain higher productivity and higher quality as 
compared with the prior art. 

[0023] Further, since the volumetric air-intake section 
and outlet pipes are separately molded, where only vol- 
umetric air-intake section or outlet pipes are to be 35 
changed in design, it is only necessary to change sepa- 
rate molding dies, and this provides for design flexibility 
with respect to intake manifold. Therefore, for common 
use of a particular component, for example, volumetric 
air-intake section, with outlet pipes only changed, 40 
thereby to promote common utilization of the compo- 
nent with other types of vehicles, it can be compara- 
tively easily achieved with a smaller cost of molding die. 
Furthermore, the present invention is adapted for ready 
application even where outlet pipes are bent pipes of a 45 
complex shape. 

[0024] Furthermore, according to a fourth aspect of 
the invention based on the third aspect of the invention, 
the mounting member is integrally formed with the volu- 
metric air-intake section. so 
[0025] In the synthetic resin-made intake manifold of 
the fourth aspect of the invention, basically it is possible 
to achieve the same effect as obtained in the third 
aspect of the invention. In particular, since a mounting 
member for connecting one end of each outlet pipe is 55 
integrally molded with the volumetric air-intake section 
during the process of injection molding of the volumetric 
air-intake section, the number of components can be 
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reduced and productivity can be further improved. 
[0026] Furthermore, according to a fifth aspect of the 
invention based on the third or fourth aspect of the 
invention, each of the outlet pipes is formed of a bent 
pipe and opposite ends of its axis form an angle of 
about 180 degree or more in a bending direction of the 
outlet pipe. 

[0027] In the synthetic resin-made manifold of the fifth 
aspect of the invention, basically it is possible to achieve 
same effect as obtained in the third or fourth aspect of 
the invention. In particular, since each of the outlet pipes 
is formed of a bent pipe and opposite ends of its axis 
form an angle of about 180 degree or more in a bending 
direction of the outlet pipe, it is possible to make the 
construction of the intake manifold and the mounting 
structure more compact, with setting the length of each 
outlet pipe to be a length not lower than a certain level, 
or with setting the lengths of outlet pipes to be as much 
equalized as possible in length in order to provide good 
air-intake characteristic. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0028] 

Fig. 1 is a general view in perspective of an intake 
manifold according to one ^embodiment of the 
present invention; 

Fig. 2 is a general view in perspective of the intake 
manifold as viewed in a direction different from that 
in Fig. 1 ; 

Fig. 3 is an explanatory view shown in side eleva- 
tion as viewed in a direction shown by arrow Y3 in 
Fig. 1 or Fig. 2; 

Fig. 4 is an explanatory view schematically showing 
the angle formed by opposite end portions of the 
axis of the outlet pipe of the intake manifold as 
viewed in side elevation; 

Fig. 5 is an exploded view in perspective of the 
intake manifold; 

Fig. 6 is an exploded view in perspective of a surge 
tank of the intake manifold; 

Fig. 7 is a perspective view of the surge tank shown 
when viewed in a direction different from that in Fig. 
6; 

Fig. 8 is a fragmentary explanatory view in vertical 
section of the intake manifold; 
Fig. 9 is an explanatory view in vertical section 
taken along line Y1 -Y1 in Fig. 1 5, showing a mold in 
clamped condition for forming the surge tank of the 
intake manifold; 

Fig. 10 is an explanatory view in vertical section 
similar to Fig. 9 which shows the mold in opened 
condition; 

Fig. 11 is an explanatory view in vertical section 
similar to Fig. 9 which shows a slide die of the mold 
in driven condition; 

Fig. 12 is an explanatory view in vertical section 
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similar to Fig. 9 which shows an ejector mechanism 
of the mold in driven condition; 
Fig. 13 is an explanatory view in vertical section 
taken along line Y2-Y2 in Fig. 15, showing the mold 
in clamped condition; 

Fig. 14 is an explanatory view of the mold in front 
elevation showing a stationary rotor and a movable 
die plate in opened condition; 

Fig. 15 is an explanatory view in front elevation 
showing a die matching surface of the rotor of the 
movable die; 

Fig. 16 is an explanatory view in front elevation for 
explaining the die spotting surface of the rotor in 
switched condition for resin passage changeover; 
Fig. 17 is an explanatory view in a vertical section 
taken along line Y3-Y3 in Fig. 23, showing a mold, 
in clamped condition, for molding the outlet pipe of 
the intake manifold; 

Fig. 18 is an explanatory view of a vertical section 

similar to Fig. 17 which shows a mold, in opened 

condition, for molding the outlet pipe; 

Fig. 19 is an explanatory view of a vertical section 

similar to Fig. 17 which shows a slide die of the 

mold, in driven condition, for molding the outlet 

pipe; 

Fig. 20 is an explanatory view of a vertical section 
similar to Fig. 17 which shows an ejector mecha- 
nism, in driven condition, of the mold for molding 
the outlet pipe; 

Fig. 21 is an explanatory view of a vertical section 
taken along line Y4-Y4 in Fig. 23, showing the 
mold, in clamped condition, for molding the outlet 
pipe; 

Fig. 22 is an explanatory view of the mold for mold- 
ing the outlet pipe in front elevation showing a sta- 
tionary rotor and a movable die plate in opened 
condition; 

Fig. 23 is an explanatory view in front elevation 
showing a die matching surface of the rotor of the 
movable die in Fig. 22; 

Fig. 24 is an explanatory view in front elevation for 
explaining the die spotting surface of the rotor in 
switched condition for resin passage changeover in 
Fig. 22; 

Fig. 25 is an explanatory view in front elevation of a 
mold for molding other outlet pipe of the intake 
manifold showing a stationary rotor and a movable 
die plate in opened condition; and 
Fig. 26 is an enlarged explanatory view in longitudi- 


[0029] One embodiment of the present invention will 
now be described in detail with reference to the accom- 
panying drawings. 


[0030] Figs. 1 and 2 are perspective views in side ele- 
vation of a synthetic resin-made intake manifold M of 
the present embodiment as seen respectively in differ- 
ent directions. Fig. 3 is an explanatory side view as 

5 seen in the direction of arrow Y3 in Figs. 1 and 2. 

[0031 ] The intake manifold M includes a surge tank Mt 
operative as a volumetric air-intake section communi- 
cating with an intake air supply source through an inlet 
pipe Mi, and a plurality (a number equal to the number 

w of cylinders of the engine: 4 in this embodiment) of out- 
let pipes Ma-Md. The intake manifold M is to be 
obtained through the process of injection resin molding 
the surge tank Mt and respective outlet pipes Ma-Md, 
and then assembling and jointing them into unity. 

is [0032] The inlet pipe Mi, not specifically shown, is con- 
nected to an equipment provided on upstream-side of 
an air-intake system, such as air cleaner, in order to 
introduce an air flow from outside the vehicle passing 
through the upstream-side equipment into the surge 

20 tank Mt. 

[0033] Respective outlet pipes Ma-Md are connected 
at one end (downstream-side end) to respective corre- 
sponding cylinders of the engine (not shown) through a 
port flange Mf operative as a mounting member and, at 
25 the other end (upstream-side end), to the surge tank Mt. 
The port flange Mf is formed with openings Ha1-Hd1 
corresponding to the cylinders of the engine, and down- 
stream-side ends of respective outlet pipes Ma-Md are 
set on the back side of the port flange Mf , so that open- 
30 ings of passages defined by outlet pipes Ma-Md coin- 
cide with the openings Ha1-Hd1 . 
[0034] The surge tank Mt consists of an upper half Mt1 
and a lower half Mt2 as shown in Figs. 6 and 7, the 
lower half Mt being formed with four openings Ha2-Hd2. 
35 [0035] Upstream ends of respective outlet pipes Ma- 
Md are respectively set on the underside of the surge 
tank Mt (that is, underside of the lower half Mt2) so that 
openings of the passages formed by the outlet pipes 
Ma-Md coincide with the openings Ha2-Hd2. 
40 [0036] The surge tank Mt is more preferably such that 
upper and lower halves are respectively molded by so- 
called die rotary injection (DRI) method using a pair of 
rotary injection molding dies capable of relative rota- 
tional movement and such that the upper and lower 
45 halves are molded by using said molding die assembly, 
then butted and joined into unity by using the same 
molding die. In this way, a finished hollow component 
(surge tank Mt) consisting of the joined two halves is 
obtained for each rotation movement of the molding die. 
The outlet pipes Ma-Md are each comprised of a pair of 
halves combined together and, more preferably, a fin- 
ished hollow component (outlet pipe) formed by joining 
the separate halves by the DRI method can be obtained 
for each rotational movement of the molding die. 
[0037] In the abutted portion of the upper and tower 
halves, when a similar portion in the case of surge tank 
Mt is exemplified, as shown in Fig. 8, there is provided a 
channel-like interior passage Mp of closed section 


nai secnon iaKen aiong line yd-yd in ng. wnicn so 
shows the mold for molding above mentioned other 
outlet pipe. 
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which is formed along outer periphery of abutting sur- 
face of upper half Mt1 and lower half Mt2, preferably 
defined by wall portions of the halves Mt1 and Mt2, such 
that after the upper and lower halves Mt1, Mt2 are 
brought into abutment with each other, a resin mass (a 
secondary resin) for joining them together is filled into 
the interior passage Mp. 

[0038] The interior passage Mp may be configured to 
have a closed sectional profile defined by wall portions 
of the halves Mt1 and Mt2 as above described; however 
alternatively, it may be so arranged that while the inte- 
rior passage is held in a partially opened condition at 
the time when the halves are brought into abutment 
against each other, and by setting the halves in a spec- 
ified molding die, the opening is closed by die surface of 
the molding die so that a closed sectional configuration 
is formed. 

[0039] Not specifically shown, though, with respect to 
outlet pipes Ma-Md, an interior passage is provided in 
the abutted portion of the halves, so that the halves are 
joined together by filling a secondary resin into the inte- 
rior passage. 

[0040] Mounted to the surge tank Mt obtained as a fin- 
ished product according to the DRI method as above 
mentioned are respective outlet pipes Ma-Md obtained 
likewise according to DRI method, as shown in Fig. 5, 
so that the outlet pipes are joined, at the upstream end, 
to the port flange Mf and, at the downstream end, to the 
lower half Mt2. 

[0041] The method and apparatus for fabricating the 
outlet pipes Ma-Md and a surge tank Mt will be 
described later in detail. 

[0042] In the present embodiment, the outlet pipes 
Ma-Md are each comprised of a curved pipe, and, as 
Fig. 4 shows schematically, opposite ends of respective 
axes of the outlet pipes (axes La, Lb of outlet pipes Ma, 
Mb only are shown in Figs. 3 and 4; outlet pipes Mc, Md 
are set in laterally symmetrical relation to outlet pipes 
Mb, Ma) form a specified angle a of about 1 80 degree or 
more (in the present embodiment a = about 270 
degree) in the direction of bend as viewed in side eleva- 
tion. 

[0043] Therefore, with setting the length of respective 
outlet pipe Ma-Md to be a specified length or more, or 
with setting the outlet pipes Ma-Md to be as much 
equalized as possible in length in order to provide good 
air-intake characteristic, the intake manifold M and a 
mounting arrangement therefor can be made more 
compact. 

[0044] In the present embodiment, more preferably, 
the port ftange Mf is integrally molded with the surge 
tank Mt (specifically, during the process of molding 
upper half Mt1 of the surge tank Mt). 
[0045] In this way, the port flange Mf, i.e. a mounting 
member for connecting respective outlet pipes Ma-Md 
at one end to cylinders of the engine is molded integrally 
with the surge tank Mt during the process of injection 
molding of the surge tank Mt and, therefore, the number 


of necessary components can be reduced, which 
results in further improvement of productivity. 
[0046] Next, the method of fabricating the intake man- 
ifold M will be explained. First, the construction of a 

5 molding die to be used in manufacturing (molding) the 
surge tank Mt, that is, a molding die for so-called die 
rotary injection (DRI) molding is explained. 
[0047] Figs. 9 to 13 are explanatory views in vertical 
section showing molding dies employed in molding the 

10 surge tank. As may be well appreciated from Figs. 9, 10 
and 13, the molding die comprises a stationary die 1 
connected to a molding machine (for example, an injec- 
tion molder, not shown) and a movable die 2 which car- 
ries out opening/closing operation in relation to the 

is stationary die 1. As will be hereinafter described in 
detail, the stationary die 1 is provided with a pivotal 
mechanism for pivotally moving a specified portion 
including a motding portion of the die. 
[0048] In Figs. 9 to 13, the stationary die 1 and the 

20 movable die 2 are shown as being mounted on upper 
and lower sides; however, the arrangement of the dies 
1, 2 as actually mounted to the molding machine (not 
shown) is not limited to such vertical arrangement, but 
the dies may, for example, be so disposed as to be used 

25 in horizontally (right and (eft) arranged in opposed rela- 
tion for use. 

[0049] The stationary die 1 includes a base plate 1 1 
fixed to a body portion 1 0, a sprue bushing 1 2 fixed cen- 
trally to the base plate 1 1 and body portion 10, and a 
30 rotor 13 disposed coaxially with the sprue bushing 12. 
An injection head (not shown) of the molding machine is 
fixed to the sprue bushing 12. 

[0050] The rotor 13 is basically configured to have a 
disc shape and has a center portion 13a projecting in a 

35 cylindrical fashion. The sprue 12a of the sprue bushing 
12 is open on the surface of the center projection 1 3a. 
[0051] As may be well appreciated from Fig. 13, on 
the outer periphery of the rotor 13, there is formed a 
toothed portion 13g which goes in mesh engagement 

40 with a drive gear 14 disposed at an adjacent location. 
The drive gear 14 is connected to a drive power source 
15, for example, a hydraulic motor, such that as the 
drive gear 14 is rotated by the drive power source 15, 
according to the direction of the rotation the number of 

45 turns of the drive gear 14, the rotor 13 rotates over a 
predetermined angle (preferably 120 degree in the 
present embodiment) in a predetermined direction. 
[0052] That is, the toothed portion 1 3g of the rotor 1 3, 
the drive gear 14, and the drive power source 15 consti- 

so tute rotary means for rotating the rotor 13 over a prede- 
termined angular range (120°) in relation to the movable 
die 2. 

[0053] Whilst, the movable die 2 includes a base plate 
31 disposed in parallel to the body portion 30, and a die 
55 plate 40 fixed to the body portion 30. The die plate 40 
includes a basic portion of the molding section to be 
described hereinafter. The body portion 30 and base 
plate 31 are connected, for example, to a hydraulic drive 
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means (not shown) so as to be adapted for open- 
ing/closing movement relative to the stationary die 1 at 
predetermined time intervals. It is noted that plural 
spacer blocks 32 are interposed between the body por- 
tion 30 and the base plate 31 . 

[0054] Further, the movable die 2 includes a slide die 
33 slidable along the die plate 40 in a direction orthogo- 
nal to the opening/closing direction of the movable die 2, 
and a rod-like slide guide 34 for driving the slide die 33 
in response to an opening/closing operation of the mov- 
able die 2. 

[0055] The slide die 33 corresponds to a port flange 
Mf to be integrally formed with the upper half Mt1 of a 
molded product (surge tank) Mt, and its core portion 
33a (see Figs. 11 and 12) corresponds to openings 
Ha1-Hd4 of the port flange Mf. A front end portion of 
core member 36, fixed to a body support plate 35 for the 
movable die 2, corresponds to the inlet pipe Mi of the 
molded product Mt. 

[0056] The slide die 33 and slide guide 34, as will be 
hereinafter described, are provided within the movable 
die 2 at two locations, namely, at a location where the 
upper half Mti is molded and at other location where 
upper and lower halves Mt1 and Mt2, brought into abut- 
ment with each other, are joined by a secondary resin 
mass. 

[0057] At one end side of the slide guide 34 there is 
formed a tapered portion 34c which is in engagement 
with a tapered bore 33c of the slide die 33. Whilst, at the 
other end side of the slide guide 34 there is formed a 
recessed portion 34d to be engaged by a guide drive 
plate 37 which is adapted to engage one of the slide 
guides 34. 

[0058] The guide drive plate 37 is supported at its rear 
surface side by a back plate 38. As shown in Fig. 13, a 
pair of guide rails 38a is fixed to the back plate 38 for 
guiding slide movement of the guide drive plate 37 
along the back plate 38. 

[0059] The guide drive plate 37 moves along the guide 
rails 38a as it is driven to move in a direction along the 
back plate 38 by drive means 49, such as hydraulic cyl- 
inder (see FIG. 5). so that its engagement with slide 
guide 34 is switched for change (that is, from or to 
engagement with which one slide guide 34, right or left, 
engages). 

[0060] The switching of the engagement of the guide 
drive plate 37 with the slide guide 34 is carried out by 
controlling the operation of the drive means 49 in 
response to a control signal from a controller (not 
shown) of the molding apparatus and in corresponding 
relation to the rotational movement of the rotor 13. 
[0061] Connected to the rear surface of the back plate 
38 is a piston rod 39 of a hydraulic drive cylinder (not 
shown), for example, which extends and contracts in the 
same direction as the direction in which the movable die 
2 operates of die opening and closing direction, the pis- 
ton rod 39 extending through the base plate 31 . As the 
piston rod 39 extends and contracts, the slide guide 34 


can be driven (forward and backward) through the back 
plate 38 and guide drive plate 37 in response to the 
extend / contract movement of the piston rod 39. 
[0062] That is, the drive cylinder (not shown), the piton 

s rod 39 thereof, the back plate 38, the guide drive plate 
37, and the slide guide 34 constitute core drive means 
for driving a core portion 33a of one of the slide dies 33, 
right or left, in response to the opening and closing 
operation of molding dies 1 , 2. 

10 [0063] Inside the body portion 30 of the movable die 
2, there are provided ejector pins 47 and ejector rings 
48 in plurality (3 in number) which are respectively 
mounted on ejector plates 46. It is noted that the ejector 
rings 48 are to eject (push upward) a molded item Mt 

is and/or a pipe end of an inlet pipe Mi of upper half Mt1 
and are arranged so as to surround the outer periphery 
of the core member 36. 

[0064] With respect to the three ejector plates 46, they 
are so arranged that when the guide drive plate 37 is 

20 driven (advanced) toward the body portion 30 of the 
movable die 2, two projecting pins 37a which project 
upward from the guide drive plate 37 are extended 
through corresponding holes of the body support plate 
35 to press the ejector plate 46 at the back side so that 

25 two of the three ejector plates 46 are pushed upward. 
Which two of the three ejector plates 46 are to be 
pushed upward is changed over according to the state 
of engagement of the guide drive plate 37 with the slide 
guide 34. The state of engagement between the guide 

30 drive plate 37 and the slide guide 34, as already men- 
tioned, is determined by the guide drive plate 37 being 
driven by the drive means 49 (see Fig. 13) in a direction 
extending along the back plate 38 so that it goes into 
engagement with a recess 34d, of one of the right and 

35 left slide guides 34. 

[0065] That is, the drive cylinder (not shown), the pis- 
ton rod 39 thereof, the back plate 38, the guide drive 
plate 37, the projecting pins 37a, and three ejector 
plates 46 constitute eject drive means for driving one of 

40 ejector pin 47 and ejector ring 48 in response to the 
opening and closing operation of molding dies 1 , 2. 
[0066] The drive means 49 (see Fig. 13) operatively 
controlled by a control signal from the controller (not 
shown) of the molding apparatus, a guide drive plate 37 

45 slidably supported on the back plate 38, and a recessed 
portion 34d of the slide guide 34 constitute switching 
means which switch over the engagement of the open- 
ing and closing mechanism of the molding die 1 , 2 with 
the core drive means and eject drive means according 

so to the rotational movement of the rotor 13, and which 
switch over the core portion 33a of the slide die 33 and 
the eject means to be driven. 

[0067] The slide guide 34 is in its initial position when 
the movable die 2 is in its closed condition (see Fig. 11) 
55 in relation to the stationary die 1 , and no driving force is 
applied to the slide die 33; thus the slide die 33 is posi- 
tioned in a molding position. 

[0068] After completion of molding operation and even 
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at the time of die opening (see Fig. 10), the slide guide 
34 remains stationary at its initial position so that the 
slide die 33 is kept at a molding position. 
[0069] Subsequently, as Fig. 1 1 shows, the slide guide 
34 is driven to move (advance) toward the body portion s 
30 of the movable die 2. As a consequence of this 
advance, the slide die 33 is caused to slide outwardly in 
such a way that a tapered bore 33c of the slide die 33 
goes along a tapered portion 34c of the slide guide 34, 
and the core portion 33a of the slide die 33 is pulled out w 
from the opening of port flange Mf . That is, the core por- 
tion 33a of the slide die 33 which slidable in a direction 
different from (nearly orthogonal to ) the open/close 
direction of the movable die 2 is pulled out from the 
opening of the port flange Mf of molded item Mt. is 
[0070] In this way, by joining upper and lower halves 
Mt1 and Mt2 first with secondary resin mass, it is possi- 
ble to obtain more stably higher joint strength of jointed 
halves and higher sealing performance of a abutted por- 
tion as compared with the prior art practice in which 20 
adhesive bonding or heat melting is carried out for join- 
ing the halves, and by using the DRI method it is possi- 
ble to achieve higher production efficiency. 
[0071] As the slide guide 34 is further advanced, as 
Fig. 1 2 shows, two projecting pins 37a of the guide drive 25 
plates 37 extend through two of the three holes of a 
body support plate 35 (two on the right side in Fig. 12) 
respectively to push up two ejector plates 46, whereby 
corresponding ejector pins 47 and ejector rings 48 are 
actuated. 30 
[0072] On the stationary die 1 side there are provided 
two hydraulically driven ejector pins 27 (see Figs. 9, 10, 
and 13), and in a series of operation examples shown in 
Figs. 9 to 12, at the time of die opening (see Fig. 10) 
after completion of molding operation, the ejector pins 35 
27 are pushed forward. 

[0073] Fig. 14 is an explanatory view showing the 
rotor 13 of stationary die 1 (on the right side in Fig. 14) 
and the die plate 40 of movable die 2 (on the left side in 
Fig. 14) in opened condition. Figs. 15 and 16 are 40 
explanatory views in front elevation showing the die 
plate 40 of the movable die 2 on the die matching sur- 
face side. 

[0074] As these drawings show, the rotor 1 3 is pro- 
vided with three molding portions 20A, 20B and 20C 45 
arranged at angularly equally spaced intervals (i.e., at 
angular intervals of 120 degrees). The molding portion 
20C is a male molding portion formed in a convex pat- 
tern, and the molding portions 20A and 20B are both 
female molding portions formed in a concave pattern, so 
That is, rotor 13 of the stationary die 1 has one male 
molding portion 20C and two female molding portions 
20A, 20B. These molding portions are arranged at the 
intervals of 120 degree in the order of male / female / 
female in the direction of rotation of the rotor 13. ss 
[0075] It is to be noted that, in Figs. 1 4 to 1 6. the male 
molding portion formed in a convex pattern is shown by 
oblique hatched line. 
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[0076] There are no resin passages for connection to 
molding portions 20A, 20B, 20C provided on the rotor 
1 3 of the stationary die 1 . 

[0077] However, in the present embodiment, as will be 
described hereinafter, on the surface of a central projec- 
tion 13a of the rotor 13 there are provided a group of 
changeover slots 21 (21 A, 21 B, 21 C; 5 slots in all in the 
present embodiment), mainly of groove shape, for 
switching over the connection between sprue 12a of 
sprue bushing 12 and resin passages associated with 
the molding portion of the movable die 2 side. The 
changeover slots 21 are respectively arranged adjacent 
corresponding molding portions or in communication 
with said molding portions. The male molding portion 
20C is provided with a projection 22 C. 
[0078] Not specifically shown in Fig. 14, though, as 
above described (see Fig. 13), on the outer periphery of 
the rotor 13, there is provided a toothed portion 13g 
adopted to go into mesh engagement with drive gear 1 4 
at least for the length of an arc corresponding to the 
angle of 120 degrees so that as the drive gear 14 
rotates (that is, according to the direction of rotation and 
the number of turns), the rotor 13 rotates an angle of 
120 degrees in the predetermined direction. Control of 
rotation of the drive gear 14 (that is, rotation control of 
the rotor 13) is carried out by controlling the drive power 
source 15, such as hydraulic motor (see Fig. 13). 
[0079] In the present embodiment, the rotor 13 is 
arranged to be rotated forward and reverse direction 
alternately for 120 degrees at predetermined time inter- 
vals. In the Fig. 14 condition, for example, when the 
drive gear 14 rotates, the rotor 13 turns counterclock- 
wise in Fig. 14 (see solid line arrow in Fig. 14). 
[0080] Whilst, Figs. 15 and 16 are explanatory views 
in front elevation showing the die plate 40 of the mova- 
ble die 2 at its die matching surface side. As shown in 
the drawings, the die plate 40 has three molding por- 
tions 40A, 40B, 40C formed thereon at circumferentially 
equally spaced relation (that is, at an angle of of 120° to 
each other). 

[0081] Molding portion 40B is a male molding portion 
formed in a convex pattern, and molding portions 40 A 
and 40C are both female molding portions formed in a 
concave pattern. That is, the movable die 2 includes 
one male molding portion 40B and two female molding 
portions 40A, 40C, which are arranged in the order of 
male / female / female at angular intervals of 1 20° along 
the circumference of the die plate 40. 
[0082] Figs. 9 to 12 are explanatory views in vertical 
section taken along line Y1-Y1 in Fig. 15, and Fig. 13 is 
an explanatory view in vertical section taken along line 
Y2-Y2in Fig. 15. 

[0083] In the present embodiment, on the die plate 40 
of the movable die 2 there are provided two kinds of 
resin passages, that is, primary and secondary resin 
passages 41 (41 A, 41 B, 41 C), 42 (42A, 42C) connected 
directly to molding portions 40A, 40B, 40C, and 
branched resin passage 43 formed in a branched fash- 
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ion in a central cylinder portion 40d of the die plate 40. 
[0084] Connected to the female molding portions 40A, 
40C are primary resin passages 41 A, 41 C for supplying 
primary resin for molding halves (Mt1, Mt2), and sec- 
ondary resin passages 42A, 42C for supplying second- 
ary resin for joining abutted upper and lower halves Mt1 , 
Mt2. Whilst, the front end portion of one of the branched 
resin passages 43 is positioned adjacent the male 
molding portion 40B at a specified distance therefrom. 
[0085] The branched resin passages 43 are branched 
as such from a center portion 43d corresponding to 
sprue 12a of sprue bushing 12 when movable die 2 is 
closed in relation to stationary die 1, so that three 
branched portions are provided in corresponding rela- 
tion to primary and secondary resin passages 41 (41 A, 
41 C), 42 (42A, 42C), or molding portion 40B. Each of 
the branched portions is so positioned that its front end, 
on an extension thereof, is spaced a predetermined dis- 
tance from or adjacent one end of the corresponding 
resin passage. 

[0086] When the movable die 2 is closed in relation to 
the stationary die 1. a specified resin passage is con- 
nected, by a changeover slot 21 provided on the rotor 
13 of the stationary die 1 , to a branched resin passage 
43 (that is, to sprue 12a). This connection can be 
switched over by the rotation of the rotor 13. 
[0087] The process of molding a surge tank Mt to be 
carried out by using a molding die assembly con- 
structed as above described will now be described. 
[0088] First, in its initial condition, where the stationary 
die 1 is put in combination with the movable die 2 in 
such a condition as illustrated in Fig. 14, combination of 
molding portions of the two dies 1 , 2 are as follows: 

movable die 2, molding portion 40A (female)/sta- 
tionary die 1 , molding portion 20A (female) 
movable die 2, molding portion 40B (male)/station- 
ary die 1 , molding portion 20B (female) 
movable die 2, molding portion 40C (female)/sta- 
tionary die 1 . molding portion 20C (male) 

[0089] In this case, changeover slot 21 of the rotor 13 
of the stationary die 1 is at a position shown by broken 
lines in Fig. 1 5. That is, one of the changeover slots 21 A 
allows secondary resin passage 42A for molding por- 
tion 40A of movable die 2 to communicate with 
branched resin passage 43, while changeover slot 21 C 
allows primary resin passage 41 C for molding portion 
40C of movable die 2 communicate with branched resin 
passage 43. 

[0090] Branched resin passage 43 opposed to mold- 
ing portion 40B of movable die 2 is connected to mold- 
ing portion 40B by one of the changeover slots 21 B. 
[0091] In this condition, therefore, movable die 2 is 
closed in relation to stationary die 1 (see Figs. 1 and 5), 
and die clamping is carried out, then melted resin is 
injected from a molder (not shown), the melted resin is 
supplied through sprue 12a to resin passages 42A, 


41C, and 21 B which are in communication with 
branched resin passages 43. It is to be noted that, in the 
present embodiment, by way of example, a polyamide 
resin blended with glass fiber reinforcement material 
s was used as material resin. 

[0092] As a result, in molding cavities formed by com- 
binations of molding portions of stationary die 1 and 
movable die 2 the following molded products are 
obtained: 


w 


15 


molding portion 40A (female) / molding portion 20A 
(female): surge tank, finished product Mt; 
molding portion 40B (male) / molding portion 20B 
(female): lower half Mt2; 

molding portion 40C (female) / molding portion 20C 
(male): upper half Mt1. 


[0093] It is to be noted in this connection that in the 
case of initial injecting operation, in a molding cavity 

20 defined by molding portion 40A (female die) /molding 
portion 20A (female die) there are present none of 
molded halves (upper half Mt1 and lower half Mt2); and 
therefore, melted resin injection is carried out after dum- 
mies having same outer configuration as abutted upper 

25 and lower halves Mt1 and Mt2 are set in the cavity. 

[0094] The guide drive plate 37 is always so arranged 
that it constantly engages a recess 34d of the slide 
guide 34 (right side-slide guide 34 in the example 
shown in Figs. 9 to 12) which is engageable with the 

30 slide die 33 for a finished surge tank Mt. In this case, 
secondary resin passage 42A connected to the molding 
portion 40A is closed without fail by a projection 22C 
annexed to the male molding portion 20C of the rotor 
13. 

35 [0095] Upon completion of the injecting operation, the 
movable die 2 is retracted from the stationary die 1 for 
die opening (see Fig. 10). At this point of time, ejector 
pin 27a on the stationary die 1 side is pushed forward so 
that there is no possibility of the finished surge tank Mt 

40 remaining on the stationary die 1 side. 

[0096] Next, the piston rod 39 is advanced to move 
forward the slide guide 34 engageable with the slide die 
33 for finished surge tank Mt which (see Fig. 1 1 ), so that 
a core portion 33a of the slide die 33 for finished surge 

45 tank Mt is withdrawn from openings Ha1-Hd1 of port 
flange Mf of finished product Mt. 

[0097] In this way, core portion 33a of the slide die 33 
which slides in a direction different from (orthogonal to) 
the open/close direction of molding die (movable die 2) 

so can be released from finished product Mt. 

[0098] Thus slide guide 34 is further advanced so that 
projecting pins 37a of guide drive plate 37 push up cor- 
responding ejector plates 46 to actuate (for push up 
operation) ejector pins 47 and ejector rings 48. 

55 [0099] Through this operation, core member 36 is 
removed from the end of inlet pipe Mi of the finished 
surge tank Mt and, at the same time, the finished prod- 
uct Mt is released from the movable die 2 for removal 
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out of the die (see Fig. 12). 

[0100] In Figs. 14 to 16, at locations outside female 
mofding portions 40A, 40C t advance position (chain 
double-dashed line) and retreat position (broken line) of 
slide die 33 are schematically shown. s 
[0101] Whilst, the lower half Mt2 molded in a cavity 
defined by molding portion 40B (male) and molding por- 
tion 208 (female) remains as it is in the molding portion 
20B of the stationary die 1, and the upper half Mt1 
molded in a cavity defined by molding portion 40C w 
(female)/ molding portion 20C (male) remains as it is in 
the molding portion 40C of the movable die 2. 
[01 02] The rotor 1 3 of the stationary die 1 is caused to 
rotate 120 degrees in a direction shown by a solid line 
arrow in Fig. 14, and thereafter the movable die 2 is 15 
caused to advance for closure with the stationary die 1 . 
Then, die clamping is carried out. 
[0103] In this connection, the guide drive plate 37 is 
caused to slide along a pair of guide rails 38a (see Fig. 
13) provided on a back plate 38, being thus released 20 
from engagement with the slide guide 34 on the right 
side in Figs. 9 to 12 and, in turn, the guide drive plate 
goes to engagement with a recess 34d of the slide 
guide 34 on the left side in the figures. 
[0104] Where the stationary die 1 in such rotational 25 
condition is put in combination with the movable die 2, 
combinations of the molding portions of the dies 1 and 
2 are as follows: 

movable die 2, molding portion 40A (female)/sta- 30 

tionary die 1 , molding portion 20C (male) 

movable die 2, molding portion 40 B (male)/statton- 

ary die 1, molding portion 20A (female) 

movable die 2, molding portion 40C (female)/sta- 

tionary die 1, molding portion 20B (female) 35 

[0105] In this case, as already mentioned, lower half 
Mt2 and upper half Mt1 are respectively left in the mold- 
ing portion 20B of the stationary die 1 and in the mold- 
ing portion 40C of the movable die 2; therefore, by 40 
rotating the rotor 13, the upper half Mt1 and lower half 
Mt2 are brought into abutment with each other in a cav- 
ity defined by molding portion 40C (female) and molding 
portion 20B (female). 

[0106] In this case, changeover slot 21 of the rotor 13 45 
of the stationary die 1 is at a rotational position shown 
by broken lines in Fig. 16. That is, changeover slot 21 C 
allows primary resin passage 41 A for molding portion 
40A of movable die 2 to communicate with branched 
resin passage 43, while one of changeover slots 21 B so 
allows secondary resin passage 42C for molding por- 
tion 40C of movable die 2 to communicate with 
branched resin passage 43. The branched resin pas- 
sage 43 opposed to molding portion 40B of the movable 
die 2 is connected to molding portion 40B by one of 55 
changeover slots 2 1 A. 

[0107] At the position of rotation in Fig. 16, on the side 
of the molding portion 40C at which secondary resin 


155 A2 



passage 42C is in communication with branched resin 
passage 43, each core portions 33a of slide die 33 is 
pushed out and inserted into the openings of port flange 
of the molding portion 40C. 

[0108] In this condition, the movable die 2 is brought 
into abutment with the stationary die 1 (see Figs. 9 and 
13), and die clamping is carried out; then melted resin is 
injected from a molder (not shown), whereupon the 
melted resin is supplied through sprues 12a to resin 
passages 41 A, 42C, 41 B which are in communication 
with branched resin passages 43. 
[0109] In this case, a secondary resin passage 42A 
connected to the molding portion 40A is closed without 
fail by a projection 22C annexed to a male molding por- 
tion 20C of the rotor 13. 

[0110] As a result, in molding cavities defined by an 
assembly of combinations of molding portions of sta- 
tionary die 1 and movable die 2, the following molded 
items are produced: 

molding portion 40A (female) / molding portion 20C 
(male): upper half Mt1; 

molding portion 40B (male) / molding portion 20A 
(female): lower half Mt2; 

molding portion 40C (female)/molding portion 20B 
(female): finished product Mt. 

[01 1 1 ] It is to be noted that in the molding portion 40B 
(male) of the movable die 2, lower half Mt2 is constantly 
molded irrespective of the state of rotation of the rotor 
13. 

[01 12] After this operation, die opening is carried out 
and a finished surge tank Mt is removed. In this state of 
rotor operation, slide guide 34 at the left side in Figs.9 to 
12 is driven, and with respect to ejector plates 46, left 
side two ejector plates are driven. 
[0113] In this case, lower half Mt2 remains as it is in 
the molding portion 20A of the stationary die 1, and 
upper half Mt1 remains as it is in the molding portion 
40A of the movable die 2. 

[0114] In this condition, rotor 13 is caused to rotate 
120 degrees in reverse direction (see broken line arrow 
in Fig. 14) and die clamping is carried out, whereupon 
operation returns to its initial condition (see Fig. 14). By 
repeating similar steps, it is possible to obtain one fin- 
ished product Mt. 

[01 1 5] In other words, each time when the process of 
forward and reverse rotation of 120 degrees is repeated, 
die clamping, injection, and die opening are carried out. 
Thus, for each cycle of such rotational operation of the 
rotor 13, it is possible to obtain one finished molded 
surge tank Mt. 

[0116] Next, construction and operation of DRI mold- 
ing die assembly for use in the fabrication (molding) of 
outlet pipes Mb. Mc will be described. 
[0117] Outlet pipes Mb, Mc are laterally symmetrical 
bends and their longitudinal axes, at respective both 
ends thereof, form a specified angle a of about 180° or 
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more (in the present embodiment a = about 270° ; see 
Fig. 4) with respect to the bending direction of the outlet 
pipe as viewed in side elevation. In the case of the outlet 
pipes Mb, Mc, they are bent approximately within one 
plane. 

[01 18J Figs. 1 7 to 21 are explanatory views in vertical 
section of a molding die assembly for molding outlet 
pipes Mb, Mc. The molding die assembly is similar in 
vertical sectional configuration to the molding die for 
molding the surge tank, except the configuration of each 
molding portion, and is also similar in the manner of 
operation. 

[0119] Therefore, for items similar in constitution and 
function to those shown in Figs. 9 to 13 with respect to 
the surge tank, in order to avoid duplication of explana- 
tion, like reference numerals are given and any further 
description is omitted; so description is given basically 
only with respect to those points which are different 
from those described with respect to the molding die 
assembly for the surge tank. It is to be noted that Figs. 
17 to 21 correspond to Figs. 9 to 13 respectively. 
[0120] In the case of molding process for outlet pipes 
Mb, Mc, as will be described hereinafter, two pipes Mb, 
Mc are molded in one set. That is, one set (2 pipes) of 
outlet pipes Mb, Mc is molded for each rotational move- 
ment of rotor 113 of stationary die 101 . 
[0121 ] In the case of molding die assembly for molding 
surge tanks, a core portion 33a of slide die 33 is 
inserted into and removed from openings Ha1 - Hdl of 
port flange MF, but in the case of molding outlet pipes 
Mb, Mc, as shown in Figs. 1 7 to 20, a core portion 133a 
of a slide die 133 is inserted into and removed from a 
pipe end opening (outlet pipe to be connected to port 
flange Mf at the pipe end) of one of outlet pipes Mb, Mc. 
It is to be noted that in the case of molding die for mold- 
ing of outlet pipes, as will be hereinafter described, in 
complementary relation to the other pipe end opening 
(the pipe end to be connected to surge tank Mt) of outlet 
pipes Mb, Mc which is bent in C shape as viewed in front 
elevation, there is provided, separately from the slide 
die 133 (first slide die), a second slide die 133' which is 
back and forth movable in directions different 90 
degrees from the direction of movement of the first slide 
die. 

[0122] In the molding die assembly for surge tanks, 
there is provided a core member 36 corresponding to an 
end portion of inlet pipe Mi, on the other hand, in the 
case of molding die assembly for outlet pipes, there is 
provided no core member since it is not required. 
[01 23] Such as sectional configuration and open/close 
operation of molding die shown in Figs. 17 to 21 are 
basically same as those shown in Figs. 9 to 13 with 
respect to the molding die for surge tanks, therefore, fur- 
ther description is omitted. 

[0124] Fig. 22 is an explanatory view showing a rotor 
1 13 of stationary die 101 (at right side in Fig. 22) and a 
die plate 140 of movable die 102 (at left side in Fig. 22) 
in die opening condition. Figs. 23 and 24 are explana- 


tory views in front elevation showing die matching sur- 
face side of die plate 140 of the movable die 102. 
[0125] As shown in these figures, rotor 1 13 includes 
three molding portions 120A. 120B, and 120C which 

5 are arranged circumferentially equally angled relation 
(that is, at an angle of 120° each). The molding portion 
120C is a male molding portion formed in a convex 
shape, and molding portions 120 A, 120B are both 
female molding portions formed in a concave shape. 

10 That is, the rotor 1 13 of the stationary die 101 includes 
one male molding portion 120C and two female molding 
portions 120A, 120B, and they are arranged in the order 
of male/female/female at angular intervals of 120° in the 
direction of rotation of the rotor 113. 

15 [01 26] It is to be noted that, in Figs. 22 to 24, the male 
molding portion formed in a convex shape is shown in 
oblique hatching. Figs. 22 to 24 correspond to Figs. 14 
to 16 with respect to the molding die for surge tanks. 
[0127] On the surface of a center projection of the 

20 rotor 113, as in the case of molding die for surge tank, 
there is provided a group of changeover slots 121 
(121 A, 121B, 121C) mainly of groove shape, for switch- 
ing the connection between a resin passage connected 
to a molding portion of movable die 102 and a sprue 12a 

25 of sprue bushing 12. The changeover slots 121 are 
respectively provided adjacent or in communication with 
corresponding molding portions. A projection 122C is 
provided in a male molding portion 120C. 
[0128] As may be appreciated from the drawings, 

30 each molding portion is constituted so that upper and 
lower halves or a finished item of two pipes Mb. Mc 
arranged in laterally (right and left) symmetrical relation 
as a set can be molded. 

[0129] Drive mechanism and rotation control of the 
35 rotor 1 1 3 are same as in the case of molding die assem- 
bly for surge tank. 

[0130] Whilst, Figs. 23 and 24 are explanatory views 
in front elevation showing the configuration of matching 
surface side of a die plate 140 of the movable die 102. 
40 As shown in the drawings, the die plate 140 includes 
three molding portions 140A, 140B, and 140C arranged 
circumferentially equally angled relation (that is, at an 
angle of 120° each). 

[0131] The molding portion 140B is a male molding 
45 portion formed in a convex shape, and molding portions 
140A, 140C are both female molding portions formed in 
a concave shape. That is, the movable die 102 includes 
one male molding portion 140B and two female molding 
portions 140 A, 140C, and they are arranged in the order 
so of male/female/female at angular intervals of 1 20° in the 
circumferential direction of the die plate 140. 
[01 32] It is to be noted that Figs. 1 7 to 20 are explan- 
atory views in vertical section taken along line Y3-Y3 in 
Fig. 23, and Fig. 21 is an explanatory view in vertical 
55 section taken along line Y4-Y4 in Fig. 23. 

[01 33] On the die plate 1 40 of movable die 1 02, there 
are provided two kinds of resin passages, that is, pri- 
mary and secondary resin passages 141 (141 A, 141B, 
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141 C) and 142 (142A, 142C) which are connected 
directly to molding portions 140A, 140B, 140C, and 
branched resin passages 143 formed in branched fash- 
ion in a central cylinder portion 140d of the die plate 
140. 5 
[0134] Primary resin passages 141 A, 141C which 
supply primary resin for molding halves are connected 
to molding portions 140A, 140C, and secondary resin 
passages 142 A, 142C which supply secondary resin for 
joining abutted upper and lower halves are provided 10 
adjacent thereto. Whilst, primary resin passage 141 B 
only is connected to male molding portion 140B. 
[0135] The branched resin passage 143 is branched 
from a center portion 143d corresponding to sprue 12a 
of sprue bushing 12 when movable die 102 is closed in is 
relation to stationary die 101, so that three branched 
portions are provided in corresponding relation to pri- 
mary and secondary resin passages 141 (141 A, 141 B, 
141 C) and 142 (142 A, 142C) which are connected to 
female die molding portions 40A, 40C. 20 
[0136] Each branched portion, at its front end, is posi- 
tioned at a predetermined distance from a location adja- 
cent one end of the corresponding resin passage. 
[0137] When movable die 102 is closed in relation to 
the stationary die 101 , a specified resin passage is con- 25 
nected by a changeover slot 121 provided on the rotor 
113 of the stationary die 101 to branched resin passage 
143 (that is, sprue 12a). This connection can be 
changed by the rotation of the rotor 113. 
[0138] The process of molding outlet pipes Mb, Mc to 30 
be carried out by using a molding die assembly con- 
structed as above described will now be described. 
[0139] First, in its initial condition, the arrangement of 
the molding die is such that stationary die 101 and mov- 
able die 102 are held in combination as shown in Fig. 35 
22, in which case the combinations of molding portions 
of these two dies 101, 102 are as follows: 

movable die, molding portion 140A (female)/sta- 
tionary die, molding portion 120A (female) 40 

movable die, molding portion 140B (male)/station- 
ary die, molding portion 120B (female) 

movable die, molding portion 140C (female)/sta- 45 
tionary die, molding portion 120C (male) 

[0140] In this case, changeover slot 121 of the rotor 
1 13 of the stationary die 101 is at a position shown by 
broken line in Fig. 23. That is, changeover slot 121 A 50 
allows secondary resin passage 142 A for molding por- 
tion 140A of movable die 102 to communicate with 
branched resin passage 143, while changeover slot 
121C allows primary resin passage 141C for molding 
portion 140C of movable die 102 to communicate with 55 
branched resin passage 143. 

[0141] Further, branched resin passage 143 opposed 
to molding portion 140B of movable die 102 is con- 


nected to molding portion 140B by one of the changeo- 
ver slots 121B. 

[0142] In this condition, therefore, movable die 102 is 
closed in relation to stationary die 1 01 (see Figs. 1 7 and 
21), and die clamping is carried out, then melted resin is 
injected from a molder (not shown), the melted resin is 
supplied through sprue 12a to resin passages 142A, 
141C, and 121 B which are in communication with 
branched resin passages 143. It is to be noted that, in 
the present embodiment, by way of example, a polya- 
mide resin blended with glass fiber reinforcement mate- 
rial was used as material resin. 

[0143] As a result, in molding cavities formed by com- 
binations of molding portions of stationary die 101 and 
movable die 102 the following molded products are 
obtained: 

molding portion 140A (female) / molding portion 
120 A (female): outlet pipe, finished product Mb, Mc: 
molding portion 140B (male) / molding portion 
120B (female): outlet pipe lower half; 
molding portion 140C (female) / molding portion 
120C (male): outlet pipe upper half. 

[0144] It is to be noted in this connection that in the 
case of initial injecting operation, melted resin injection 
is carried out after dummies are set in the molding cav- 
ity defined by molding portion 40A (female die) /molding 
portion 20A (female die). In this case, secondary resin 
passage 142 A connected to the molding portion 140 A is 
closed without fail by a projection 122C annexed to the 
male molding portion 120C of the rotor 1 13. 
[0145] Upon completion of the injecting operation, the 
movable die 102 is retracted from the stationary die 101 
for die opening (see Fig. 18). 

[0146] Next, the piston rod 39 is advanced to move 
forward the slide guide 34 (see Fig. 19), so that a core 
portion 133a of the first slide die 133 for finished prod- 
ucts Mb, Mc is withdrawn from openings of pipes. 
[0147] In Figs, 22 to 24, schematically shown outside 
the female molding portions 140 A, 140C are advance 
position (chain double-dashed line) and retreat position 
(broken line) with respect to first slide die 133 and sec- 
ond slide die 133'. The second slide die 133' is basically 
similar to the one used in outlet pipes Ma, Md to be 
described hereinafter (see Figs. 25 and 26), and 
includes a cylinder driven core die. The core die of the 
second slide die 133' is preferably caused to retreat 
almost simultaneously with the first slide die 133 or 
retreat with a slight delay. 

[0148] Thus slide guide 34 is further advanced so that 
projecting pins 37a of guide drive plate 37 push up cor- 
responding ejector plates 46 to actuate (for push up 
operation) ejector pins 47, the finished pipes Mb, Mc are 
released from the movable die 102 for removal out of 
the die (see Fig. 20). 

[0149] Whilst, the lower half molded in a cavity defined 
by molding portion 140B (male) and molding portion 
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120B (female) remains as it is in the molding portion 
120B of the stationary die 101, and the upper half 
molded in a cavity defined by molding portion 140C 
(female)/ molding portion 120C (male) remains as it is in 
the molding portion 140C of the movable die 102. 
[0150] The rotor 113 of the stationary die 101 is 
caused to rotate 120 degrees in a direction shown by a 
solid line arrow in Fig. 22, and thereafter the movable 
die 102 is caused to advance for closure with the sta- 
tionary die 101 . Then, die clamping is carried out. In this 
connection, the condition of engagement between 
guide drive plate 37 and the slide guide 34 is to be 
changed over. 

[0151] Where the stationary die 101 in such rotational 
condition is put in combination with the movable die 
102, combinations of the molding portions of the dies 
101 and 102 are as follows: 

movable die, molding portion 140 A (female)/sta- 

tionary die, molding portion 120C (male) 

movable die, molding portion 140B (male)/station- 

ary die, molding portion 120A (female) 

movable die, molding portion 140C (female)/sta- 

tionary die, molding portion 120B (female) 

[0152] In this case, as already mentioned, lower half 
and upper half are respectively left in the molding por- 
tion 120B of the stationary die 101 and in the molding 
portion 140C of the movable die 102; therefore, by rotat- 
ing the rotor 113, the upper half and lower half are 
brought into abutment with each other in a cavity 
defined by molding portion 140C (female) and molding 
portion 120B (female). 

[0153] In this case, changeover slot 121 of the rotor 
1 13 of the stationary die 101 is at a rotational position 
shown by broken lines in Fig. 24. That is, changeover 
slot 121C allows primary resin passage 141 A for mold- 
ing portion 140A of movable die 102 to communicate 
with branched resin passage 143, while changeover 
slots 121 B allows secondary resin passage 142C for 
molding portion 140C of movable die 102 to communi- 
cate with branched resin passage 143. The branched 
resin passage 143 opposed to molding portion 140B of 
the movable die 102 is connected to molding portion 
140B by changeover slots 121 A. 

[01 54] At the position of rotation in Fig. 24, on the side 
of the molding portion 140C at which secondary resin 
passage 142C is in communication with branched resin 
passage 143, core portions 133a of the first slide die 
133 and core die of the second slide die 133' are 
pushed out and inserted into the openings of pipe ends 
of the molding portion 140C. 

[0155] In this condition, the movable die 102 is 
brought into abutment with the stationary die 101, and 
die clamping is carried out; then melted resin is injected 
from a molder (not shown), whereupon the melted resin 
is supplied through sprues 12a to resin passages 141 A, 
142C. 141B which are in communication with branched 


resin passages 143. 

[0156] In this case, a secondary resin passage 142 A 
connected to the molding portion 1 40A is closed without 
fail by a projection 1 22C annexed to a male molding por- 
5 tion 120C of the rotor 113. 

[0157] As a result, in molding cavities defined by an 
assembly of combinations of molding portions of sta- 
tionary die 101 and movable die 102, the following 
molded items are produced: 

10 

molding portion 140A (female) / molding portion 
120C (male): upper half of outlet pipe; 
molding portion MOB (male) / molding portion 
120 A (female): lower half of outlet pipe; 
75 • molding portion 140C (female)/ molding portion 
120B (female): finished outlet pipe Mb, Mc. 

[0156] It is to be noted that in the molding portion 
140B (male) of the movable die 102, a lower half is con- 
20 stantly molded irrespective of the state of rotation of the 
rotor 113. 

[0159] After this operation, die opening is carried out 
and a finished outlet pipe Mb, Mc are removed. 
[0160] In this condition, rotor 1 13 is caused to rotate 

25 120 degrees in reverse direction (see broken line arrow 
in Fig. 22) and die clamping is carried out, whereupon 
operation returns to its initial condition (see Fig. 22). By 
repeating similar steps, it is possible to obtain one set 
(two pieces) of finished outlet pipe Mb, Mc. 

30 [0161] In other words, each time when the process of 
forward and reverse rotation of 1 20 degrees is repeated, 
die clamping, injection, and die opening are carried out. 
Thus, for each cycle of such rotational operation of the 
rotor 1 13, it is possible to obtain one set (two pieces) of 

35 finished products of outlet pipe Mb, Mc. 

[01 62] Next, construction of DRI molding die for use in 
the fabrication (molding) of outlet pipes Ma, Md and 
operation thereof will be described. 
[0163] The outlet pipes Ma, Md are laterally symmet- 

40 rical bent pipes and their longitudinal axes, at respective 
both ends thereof, form a specified angle a of about 
180° or more (in the present embodiment a = about 
270°; see Fig. 4) as viewed in side elevation in which 
respect the outlet pipes are similar to outlet pipes Mb, 

45 Mc as viewed in side elevation. In the case of the outlet 
pipes Mb, Mc, they are bent approximately within one 
plane. However, the outlet pipe Ma; Md is different from 
outlet pipe Mb, Mc in that the bend is not a mere bend 
formed within a single plane but a bend formed three 

so dimensionally (that is, with a twist applied). 

[0164] Except such a three dimensional feature, the 
molding die assembly for outlet pipe Ma; Md is similar to 
that for outlet pipe Mb; Mc in construction and manner 
of operation, such as open / close operation. Therefore, 

55 detailed illustration and explanation corresponding to 
Figs. 17 to 21 are omitted. 

[0165] Further, the outlet pipes Ma, Md are molded in 
the form of two pipe Ma, Md are molded in one set in the 
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same way as in the case of molding of above described 
outlet pipe Mb, Mc. 

[0166] Fig. 25 is an explanatory view showing a rotor 
213 of stationary die (at right side in Fig. 25) and a die 
plate 240 of movable die (at left side in Fig. 25) in die s 
opening condition. Figs. 26 is an explanatory view in 
section taken along line Y5-Y5 in Fig. 25. 
[0167] As shown in these figures, rotor 213 includes 
three molding portions 220A, 220B, and 220C which 
are arranged circumferentially equally angled relation, w 
The molding portion 220C is a male molding portion 
(indicated by oblique hatching in Fig. 25) formed in a 
convex shape, and molding portions 220A, 220B are 
both female molding portions formed in a concave 
shape. 15 
[0168] On the surface of a center projection of the 
rotor 113. there is provided a group of changeover slots 
221 (221 A, 221 B, 221 C) mainly of groove shape, for 
switching the connection between a resin passage con- 
nected to a molding portion of movable die and a sprue 20 
12a of sprue bushing 12. The changeover slots 221 are 
respectively provided adjacent or in communication with 
corresponding molding portions. A projection 222C is 
provided in a male molding portion 220C. 
[0169] As may be appreciated from the drawings, 25 
each molding portion is constituted so that upper and 
lower halves or a finished item of two pipes Ma, Md 
arranged in laterally (right and left) symmetrical relation 
as a set can be molded. 

[0170] Drive mechanism and rotation control of the 30 
rotor 1 1 3 are same as in the case of molding die assem- 
bly for surge tank or outlet pipes Mb. Mc. 
[0171] Whilst, the die plate 140 includes three molding 
portions 240A, 240B, and 240C arranged circumferen- 
tially equally angled relation (that is, at an angle of 1 20° 35 
each). 

[0172] The molding portion 240B is a male molding 
portion formed in a convex shape, and molding portions 
240A, 240C are both female molding portions formed in 
a concave shape. That is, the movable die includes one 40 
male molding portion 240B and two female molding por- 
tions 240A, 240C, and they are arranged in the order of 
male/female/female at angular intervals of 120° in the 
circumferential direction of the die plate 240. 
[0173] On the die plate 240 of the movable die, there 45 
are provided two kinds of resin passages, that is, pri- 
mary and secondary resin passages 241 (241 A, 241 B, 
241 C) and 242 (242A, 242C) which are connected 
directly to molding portions 240A, 240B, 240C, and 
branched resin passages 243 formed in branched fash- so 
ion in a central cylinder portion 240d of the die plate 
240. 

[0174] Primary resin passages 241 A, 241 C which 
supply primary resin for molding halves are connected 
to molding portions 240A. 240C, and secondary resin 55 
passages 242A, 242C which supply secondary resin for 
joining abutted upper and lower halves are provided 
adjacent thereto. Whilst, primary resin passage 241 B 


only is connected to male molding portion 240B. 
[0175] The branched resin passage 243 is branched 
from a center portion 243d corresponding to sprue 12a 
of sprue bushing 12 when movable die is closed in rela- 
tion to stationary die, so that three branched portions 
are provided in corresponding relation to primary and 
secondary resin passages 241 (241 A, 241 B, 241 C) and 
242 (242A, 242C) which are connected to female die 
molding portions 240A, 240C. 

[01 76] Each branched portion, at its front end, is posi- 
tioned at a predetermined distance from a location adja- 
cent one end of the corresponding resin passage. 
[0177] When movable die is closed in relation to the 
stationary die, a specified resin passage is connected 
by a changeover slot 221 provided on the rotor 213 of 
the stationary die to branched resin passage 243 (that 
is, sprue 12a). This connection can be changed by the 
rotation of the rotor 213. 

[0178] In Fig. 25, schematically shown outside the 
female molding portions 240A, 240C are advance posi- 
tion (double-dash chain line) and retreat position (bro- 
ken line) of a first slide die 233 and a second slide die 

233'. 

[01 79] As Fig. 26 shows, the second slide die 233' are 
embedded in movable die 240, each of them includes a 
core die 251 to be inserted into and removed from an 
end opening of outlet pipe Ma or Md on the side of its 
engagement with the surge tank, and a cylinder 252 for 
moving the core die forward and backward. The cylinder 
252 is supported on a support plate 254 through a 
mounting plate 253. The support plate 254 is fixed to a 
base plate 255. 

[0180] The core die 251 of the second slide die 233' is 
preferably adapted to be moved forward and backward 
almost simultaneously with the first slide die 233 or with 
slight delay. 

[0181] The molding process for molding outlet pipes 
Ma, Md by using a molding die constructed as above 
described is carried out in the same way as in the case 
of the molding process for outlet pipe Mb, Mc, illustrated 
in Figs. 1 7 to 24. 

[0182] In other words, each time when a cycle of for- 
ward and backward pivoting of rotor 213 for 120° is 
repeated, die clamping, injection, and die opening are 
carried out, so that one set of outlet pipes Ma, Md (two 
pipes) can be obtained as finished products. 
[0183] After surge tank Mt, outlet pipes Mb, Mc and 
Ma, Md are individually injection molded by DRI molding 
method in manner as above described, one surge tank 
Mt, one set of (two pipes) outlet pipes Mb, Mc, and one 
set of (two pipes) outlet pipes Ma, Md are assembled 
together into unity, as illustrated in Fig, 5, to form an 
intake manifold as shown in Figs. 1 to 3. 
[0184] For jointing the surge tank Mt and the outlet 
pipes Mb, Mc and Ma, Md, various known methods, 
such as vibration fusing, thermo-welding, a thermal fus- 
ing method using a ring shaped conductor, or a joining 
method using an adhesive, may be employed. 
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[0185] As explained above, according to the preferred 
embodiment of the invention, surge tank Mt and individ- 
ual outlet pipes Ma - Md are separately injection molded 
by a so-called die rotary injection (DRI) method, and 
then the former and the latter are assembled and joined 5 
together into unity. Therefore, the DRI method can be 
comparatively easily employed in manufacturing the 
surge tank Mt and individual outlet pipes Ma-Md which 
are to be made of synthetic resin without involving any 
difficulty (that is, without involving any impractical size w 
increase with respect to the molding die). This makes it 
possible to steadily obtain higher productivity and 
higher quality as compared with the prior art. 
[0186] Further, since the surge tank Mt and outlet 
pipes Ma-Md are separately molded, where only surge 15 
tank or outlet pipes Ma-Md are to be changed in design, 
it is only necessary to change separate molding dies, 
and this provides for design flexibility with respect to 
intake manifold M. Therefore, for common use of a par- 
ticular component, for example, surge tank Mt, with out- 20 
let pipes Ma-Md only changed, thereby to promote 
common utilization of the component with other types of 
vehicles, it can be comparatively easily achieved with a 
smaller cost of molding die. Furthermore, the present 
invention is adapted for ready application even where 25 
outlet pipes Ma-Md are bent pipes of a complex shape. 
[0187] Although the above described embodiments 
relate to the case in which the so-called DRI method is 
applied in molding surge tank Mt, and outlet pipes Mb, 
Mc and Ma, Md, the intake manifold of the present 30 
invention is not limited to be manufactured by such a 
manufacturing method, and can be effectively employed 
in case where the so-called DSI method is used with 
respect to above mentioned components. 
[0188] It is to be noted that the present invention is not 35 
limited to above described embodiment, and various 
improvements and/or design changes can be made 
without departing from the spirit and scope of the 
present invention. 

40 

Claims 

1 . A method of manufacturing a synthetic resin-made 
intake manifold (M) including a volumetric air-intake 
section (Mt) communicating with an intake air sup- 45 
ply source through an inlet pipe (Mi), and a plurality 
of outlet pipes (Ma.Mb.Mc.Md) connected at one 
end to cylinders of an internal combustion engine 
through a mounting member (Mf) and at the other 
end to the volumetric air-intake section (Mt), so 
wherein the volumetric air-intake section (Mt) and 
the outlet pipes are formed of a synthetic resin, the 
method characterized in: 

that volumetric air-intake section (Mt) and the 55 
outlet pipes (Ma.Mb.Mc.Md) are respectively 
injection molded by the die rotary injection 
method or die slide injection method and are 


then assembled together and jointed into unity. 

2. A method of manufacturing a synthetic resin-made 
intake manifold as set forth in claim 1 , wherein the 
mounting member (Mf) is integrally formed with the 
volumetric air-intake section (Mt) during the proc- 
ess of injection molding of the volumetric air-intake 
section (Mt). 

3. A synthetic resin-made intake manifold including a 
volumetric air-intake section (Mt) communicating 
with an intake air supply source through an inlet 
pipe (Mi), and a plurality of outlet pipes 
(Ma,Mb,Mc,Md) connected at one end to cylinders 
of an internal combustion engine through a mount- 
ing member (Mf) and at the other end to the volu- 
metric air-intake section (Mt), wherein the 
volumetric air-intake section (Mt) and the outlet 
pipes (Ma,Mb,Mc,Md) being formed of a synthetic 
resin, the manifold characterized in: 

that the volumetric air-intake section (Mt) and 
the outlet pipes (Ma,Mb ( Mc,Md) are respec- 
tively injection molded by the die rotary injec- 
tion method or die slide injection method and 
are then assembled together and jointed into 
unity. 

4. A synthetic resin-made intake manifold as set forth 
in claim 3, wherein the mounting member (Mf) is 
integrally formed with the volumetric air-intake sec- 
tion (Mt). 

5. A synthetic resin-made intake manifold as set forth 
in claim 3 or 4, wherein each of the outlet pipes 
(Ma,Mb,Mc,Md) is formed of a bent pipe and oppo- 
site ends of its axis form an angle of about 180 
degree or more in a bending direction of the outlet 
pipe (Ma.Mb.Mc.Md). 
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